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PROPOSAL FOR A STUDY AND
FABRICATION OF SPATIAL FILTERS

A prime objcctive in the development of a coherent photozraphic
enlarger is the provision for spatial filtering in a transform plane.
(Ref. 1) Accordingly, the coherent enlarger presently completed is
cquipped for spatial filtering, and one filter is supplied with the
instrument,

In providing the faeility for spatial filtering it was antici-
pated that additional filters would be fabricated and used in various
photographic processes to enhance the utility of the instrument. The
would welcome an opportunity to carry out a STAT
program of Investigation on spatial filtering as applied to the coherent
enlarger, and supply a complement of suitable filters,

»

Present Filtering Provisions

Since the present cnlarger contract calls for the provision of
only one filter, the type chosen is one considered to bave the greatest
zeneral utility. This is a graduvated filter baving a gaussian density
variation calculated to accentuate hish frequency contrast in such
manner as to compensate for transfer function loss occurring in an orig-
inal photograph. In making this filter, two widely differing means of
fabrication were attempted. One ol these, a photographic process, resulted
in the filter presently furnished wich the enlarger. This filter makes
usc of a special, veryv fine grain fili, on which the required density
gradient is produced by an exposurc process developed in the Pevkin-Elmer
Rescarch Department.

The filter in the form supplied is cemented between accurately
polished islass plates having anti-reflection codtings.

The alternate method attempted was one based on a thin laver
of dyed liquid contained in a cavityv between glass plates (Ref.2), This
construction aimed at a maximum uniformity of optical path through the
filter and conscquent freedom from wave front deformation. A fairly
successful filter of this type has been experimentally constructed, but
tabrication difficulries prevented supplying one of this type with the
prototype enlarger.

Statement Of Work

We proposc to fabricate at least threce filters:

l. A gaussian with approximately 107% axial
transmittance,

2. A non-votationally symmetric filter to correct
for small amount of linear image motion.

3. A filter utilizing photochromic ulass or film

which would be "self adjusting' to the scene's own
spectrum, 7
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These filters will be tested on the Frototype Coherent
Enlarger and Spatial Filter instrument using suitable scene photography.

Ref. 1 - M.D. Rosenau - "Proposal tor Frototype Cohercnt Light finlarger
and Spatial Filter™ P.E. En.s. Report No. 77354,

Ref. 2 - W.E. O'Brien - Technical Memorandum WEO'h-101 [:::]
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PROPOSAL FOR DEVELOPMENT OF MEANS FOR DIFFRACTION
CONTROL IN A COHERENT ENLARGER

Introduction
In the proposal for a coherent enlarger, cembodied in the STAT
‘curtain possible sources of difficulty STAT
were discussced, as well as suggestoed measures for their control. During

Lthe construction of the prototype enlar.er and in the accompanying exper:-
mental work, these difficulties have in general becen effectively dealt with
as intended and do not threaten the optical performance ol the instrument.

There cxists however an outstanding cxeeption to the above, in
the form of diffraction palLterns in the image duc to minute artitacts (as
well as any dust particles) in the optical system. This arvifacr diffrac-
tion problem which was observed [rom the start of the enlarger experimental
o’ program is cxlremely persistant and difficult to control. During the
enlarger breadboard work, considerable time was spent in study of this
diffraction effect, and control neasures werc developed which greatly
reduce the severity of the resulting interference in the photogsraphic
image. However, development work remains to be done on various aspects
of the problem, as for cxample, means for reducing the exposure regquire-
ments, and in optimising the condenser optics.

Nature of the Problem

Tf a minute particle is present in an optical system using .
coherent light a diffraction pattern corresponding to the particle will
appear in the image plane. This pactern results from 2 convolution of
the optical system aperture with the particle diffraction and somewhat
resembles an Airy pattern. The prominence of the pattern is an gencral
independent of the size of the particte, which may be as small as a
micron or two. When an optical system, cven one of very high optical
quality, is used with cobkerent illumination, the image plane is seen to
contain a number of these patterns caused by minute unavoidable glass
defects (artifacts) as well as by any dust particles which may be present
on the optical surfaces. The outer (ringes of thesc nuwerous patterns
are seen to overlap and cover virtually the entire image planc, forming
an optical noisc pattern which obscures fine detail in the desived image.

After the appearance of the artifact diffraction problem in the
initial breadboard work, extensive measures were taken in the fabrication
of the prototype clements €o obtain 2 maximum freedom [rom surface defects
(artifacts). However, it has since becone increasingly appareot that the
degree of freedom from artifacts, as well as cleanliness, which would be
required to obtain even reasonable freedom trom difiraction would be too
great for practical consideration. It is evident that other means must
be relicd on for diffraction control.
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Some theoretical treatment of this particle diffraction phenomenoen
is available (Ref, 1) but apparcntly nothing which treats of practical
methods for their control. The control means presently incorporated in the
prototype enlarger is based on the use of a rotating difiuser of special
construction., Originally used on the cxperimental breadboard, this means
is effective in dealing with the artifact diffraction problem with only
slight reduction in lateral coherence. However, the loss in illumination
due to this device is presently about 85%. It is expected that improve-
ments in the diffuser and the condenscr system can reduce this loss to
less than 50%.

The means for controlling unwanted diffraction patterns in the
ase of coherent light have not yet been adequately investigated. Various
promising possibilities (for example, apodizing of optical apertures)
which were beyond the scope of the prototype development remain to be
explored. The addition of refined methods of artifact diffraction con-
trol will help materially toward insuring optimunm performance of the
coherent enlarger.

Ref. 1 - B.J. Thompson - "Diffraction by Opadque and Transparent Particles"
JSPIE Jan. 1964
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STATEMENT OF WORK

STAT

proposes to furnish goods and

services as follows:

1. Continuc theoretical studies of the nature and causes
of artifact diffraction patterns in coherent light, with
emphasis on practical means for control.

2. Perform further experimental work, using a lascr source,
to develop practical physical means for improved artifact
diffraction control. This work will be based on theory
developed under Item 1. ‘
3. Fabricate additional components as required for improve-
ment of a laser source with respocl to artifact control, and
retrofit thesc components to the prototype coherent enlarger
recently constructed.,

%4, Conduct cvaluation tests on the prototype vnlarger with
the improved source,

5. Prepare and submit an engincering report covering the

theory, physical control measures and results as developed
under the above items.
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PROPOSAL FOR A COHERENT
SPATIAL FILTExING VIEWER

Introduction

The value of a partially coherent source of illumination in
photographic reproduction processes lies in the following:

1. Virtual freedom from degradation of the modulation
transfer function of the original by the reprodueing
optical system.

2. The possibility of spatial frequency discrimination
in the reproduction by means of filtering at a transform
plane.

The advantage of maintaining the transfer function in a re-
producing system is well established. However, the possibilities in
spatial filtering have not been extensively explored. It is known that
striking effects can be obtained, particularly in the accentuation of
low-contrast detail, but the practical value of spatial filtering 1in
photo-interpretation has yet to be evaluated.

The facility for spatial filtering is, of course, included in
the coherent enlarger presently under construction. However, this en-
larger, being a photographic instrument, i{s subject to limitations with
regard to rapid viewing of selected Scenes, particularly where a quick
experimental evaluation of the effects of varying coherence and various
types of spatial filtering {s desired.

For these reasons, it is felt that a direct enlarging film
viewer would provide a valuable adjunct to the coherent enlarger program.
It is intended in this application that film handling be limited to single
frame viewing. This viewer would be of the projecting type, and for
versality as well as performance considerations, the following features would

be included: .

1., A monochromatic source of a color suitable for
visual work. A sodium vapor source appears to be g
likely choice.

2. Means for varying the source coherence from approxi-
mately 75% to greater than 95%.

3. A readily actuated turret having at least four posi-
tions, for interposing selected spatial filters, and
designed to permit rapid interchange of filters in the
turret . -

4. A film gate of approximately 2% + 2% inches, with
means for providing liquid immersion when desired,
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5. At least two sclectable magnifications, the magnifications
available to be determined after further study of the require-
ments.,

6. A diffusing viewing screen of a type properly designed
for rear projection.

The propoesed viewer is intended primarvily for experimental and
evaluation purposcs. The cquipment design will be ained 2t maximum
simplicity consistent with the required optical performance and versatility.
Comsiderations such as that of housing appearance, unification of controls,
ete. will be definitely secondary to economy of construction, optical
quality and adaptability to an cxperimental program.

i

General Description

A proposed arrangement for 2 coherent film viewer is shown in
the attached sketeh. In this scheme, the source of 1llumination is a
godium vapor lamp, this being chosen 13 having a suitable color f[or
visual work. The sodium lampis reimaged it a source iris by means of a
condenser system, the iris being of variable aptrture to permit an ad-
justment of the source cohercnee in a range of possibly 75% to 95%. A
projection lens reimayes the source-iris at a transform planc, where the
filter turyet is located,

A liquid filled film gate is located in the system close to the
source projection lens. The liquid gate, which is disposed horizontally
for maximum convenience in film handling, consists of two high quality
optical plates, the lower of which is scaled to suitably formed side walls
in such mamner as to form a traye-shaped vessel containing the immersion
liquid.

The object plane situvated in the £3lm gate is reimaged at the
viewing screen, which is composed of special sereen material desizned
for rear projection. A susgested magnification of the objeet £ilm at
the screen is 8X, with the possibility of doubling this for smaller areas
by the use of an auxiliary 2 power ocular, means being provided to swing
the ocular out of position when not in use.

Conclusion

The equipment described will comprise an instrument spacifically
designed to provide the following:

1. A convenient means of direct viewing, under enlargement,

. ot sclected [ilm arcas, substantially without loss of con-
trast or resolution up to a resolution limit as provided by
the instrument,
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2. A rapid and convenient menns for evaluation of
various types ol spatial filtering on subject film
areas sclected for study.

Statement of Work

‘ proposas to design and fabricate STAT
one (1) prototype cohwerent viewer, fhis instrument to be of a general
desien and capability as described above.
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